N THIS study, chitosan was produced and characterized using NMR, IR, DSC and TGA analyses. Its molecular weight was determined using GPC analysis. The produced chitosan was chemically modified by reaction with glycine and chloroacetic acid. Its adsorption capacity for Cu(II) and Co(II) ions from industrial wastewater was determined and compared to the virgin chitosan. The chemical structures of the prepared biosorbents were confirmed by FTIR and 1 H-NMR. The adsorption efficiencies of the two biosorbents in neutral (pH=7) and alkaline medium (pH=9) at 25 o C were determined using atomic absorption spectroscopy (AAS) and thermogravimetric analysis (TGA). The two biosorbents show lower adsorption efficiency towards copper and cobalt ions compared to the virgin biosorbent (pure chitosan). Furthermore, the adsorption capacity of glycine-chitosan was higher than the chloroacetic acid-chitosan biosorbents, which is attributed to the chelating effect of the amino groups than the chloro-substituted polymer.
Preparation of chitosan derivatives
Equivalent molar amount of the chitosan (relative to the aminoglucose unit) and glycine or chloroacetic acid was reacted in xylene as solvent at 130 o C for 3 hr to eliminate the water of the reaction by Dean-stark connection. The reaction was stopped when the equivalent amount of water was obtained. The products were distilled off and dried in vacuum oven at 80 o C then washed by bidistilled water and then dried in vacuum oven at 50 o C. IR spectra were used to confirm the structure of the modified chitosan polymer ( Fig. 1 & 2) . 
The adsorption studies
The copper (II) and cobalt (II) solutions were prepared by diluting these metal ions from their stock solution (1 gl −1 ), which was obtained by dissolving CuSO 4 .2H 2 O, CoSO 4 .H 2 O in deionized water. For each treatment, 0.5 g of chitosan or its derivatives was added into 100 ml of metal ion (II) solution (250 ppm) in 250 ml Erlenmeyer flask. The flasks were agitated (150 rpm) at 25 •C for different interval times 30, 60, 90, 120 and 150 min. The polymers then were separated by vacuum filtration.
Several experiments were conducted to evaluate the effect of pH on biosorption at neutral and alkaline medium (7.0 and 9.0, at 250 ppm solution of the different metals).
The residual metal concentrations remained in the solutions after the treatments by the biosorbents were determined using atomic absorption spectroscopy (AAS) and TGA analysis.
Data processing
The percent removal (%) and the equilibrium adsorption capacity q e (mg g −1 ) of M(II) in the solution were calculated using Eq (1, 2), respectively.
(1) (2) where η (%) is the percent removal, q e (mg g −1 ) is the amount of adsorbed M(II) per unit mass at equilibrium, and C o (mg L −1 ) is the initial concentration of the M(II) solution. C e (mg L −1 ), M (g) and V (L) are the equilibrium concentration of the M(II) solution, the mass of biosorbent and the volume of M(II) solution, respectively. Table 1 lists the efficiencies and the equilibrium constants of the chitosan biopolymers and its modified forms.
The pseudo-first-order, pseudo-second-order kinetic models and the intraparticle diffusion model were used to study the adsorption kinetics of M(II).
The pseudo-second-order kinetic model has the general expression (1, 2) :
where q t (mg g −1 ) is the amount of M(II) adsorbed on the adsorbent at time t, k 2 (g mg −1 min −1 ) is the rate constants for the pseudo-second order kinetic models, respectively. The intraparticle diffusion model equation (11) is: (4) where k i (mg g −1 min −1/2 ) is the intraparticle diffusion rate constant and C (mg g −1 ) is a constant related to thickness of adsorbed layer. The Langmuir adsorption model is adopted most commonly to describe the adsorption behaviors of heavy metal ions in aqueous solution.
The Langmuir isotherm is represented in linear forms (12) and mathematically represented using Eq (5) . (5) where q max (mg g −1 ) is the maximum adsorption capacity at the equilibrium, and k L (L mg −1 ) is the Langmuir constant.
Results and Discussion

Adsorption capacity of the biosorbents
Data in Table 1 represent the remaining amounts and adsorption capacities of the different biosorbents in presence of the different metal ions. The adsorption capacitances of the metal ions were in their highest values in presence of the unmodified chitosan in the alkaline medium. While, in the neutral medium, the adsorption tendency decreases considerably.
The maximum adsorption capacitance reached to 99% in case of unmodified chitosan in presence of both Cu(II) and Co(II) metal ions in the alkaline medium and 64%, 51% in the neutral medium. In case of compounds I & II, the capacitance reached to 66%, 59% for Cu(II) and 54%, 38% in the neutral medium; and 62%, 64% for Cu(II) and 82%, 98% for Co(II) in alkaline medium. The data obtained from Table 1 showed the acceptable efficiency of the chitosan and its modified forms to remove Cu(II) and Co(II) metal ions from the wastewater after adjusting the pH of the medium to suitable values.
TABLE 1. Percent removal (η %) and the equilibrium concentration (C e ) of Co(II)
and Cu(II) onto chitosan and its derivatives.
Comp. t (min)
Co, (mg L -1 )
Co (pH 7)
Co (pH 9) Cu (pH 7) Cu (pH 9) 
Effect of pH
The dominant species of M(II) ions are present in solution at different pHs in forms such as M 2+ , M(OH) 2 , M(OH) 3 − and M(OH) 4 2− (13) . At pH>7, the precipitation of M(OH) 2 plays the main role in removing M(II) (14) . Adsorption of M(II) by chitosan or its derivatives as a function of pH is shown in Table 1 .
In the neutral medium, the average adsorption capacity of Co(II) in the solution using the different adsorbents ranges between 51% and 38%. These values are relatively low, which can be attributed to the ionic species of the metal ions in the solution. The neutral medium decreases the charges of the metal ions and the adsorbents which decrease their interaction by the adsorbents.
In the alkaline medium, the percentage of M(II) removal increased by increasing pH from 7.0 to 9.0. The low efficiency of the biosorbents at pH 7.0 could be due to the increase in competition for adsorption sites by H + and M 2+ (15) (16) . As pH increased, more negatively charged surface sites became available thus facilitating greater M(II) adsorption. The results indicated in Table 1 revealed that there were excess hydroxide ions surrounding adsorbents surface resulting in the superior buffering effect of adsorbents and thereby revealed the possibility of M(II) precipitates on adsorbents surface (17) .
Effect of contact time
Samples were taken at different time periods ranging from 20 to 100 min and the remaining concentrations of M(II) in the solutions were determined by AAS. In case of Co(II) ions at pH 7 and 9. The saturation of adsorption on surfaces of all prepared compounds occurred at initial time (20 min), by increasing time, the Co(II) leaves the surfaces of adsorbents, due to the weak complexation and adsorption (18) between Co(II) ions and the main groups of adsorbents. While in case of Cu(II) ions, the adsorption increased by time increasing which corresponds to the coordination type ( Fig. 3) .
Fig. 3. The complex form between Cu(II) and the adsorbents molecule.
Adsorption kinetics
The kinetic parameters were studied using 250 ppm of M(II) under the condition of pH 7, 9 and 0.5 gL −1 adsorbent dosage, and 25°C temperature, and the concentration of M(II) remaining was analyzed at regular intervals during the process.
Several models describe the adsorption of the transition metal ions on the biosorbents. These models are including: pseudo-first-order kinetic, pseudosecond-order kinetic, first-order reversible reaction model and intraparticle diffusion model (19) (20) (21) .
The data were fit to pseudo-second-order kinetics and the intraparticle diffusion model as potential models for the behavior of M(II) adsorption. The adsorption kinetic parameters are given in Tables 2 & 3 , respectively. The correlation coefficients (R 2 ) for the pseudo-second-order kinetic model for all prepared compounds and at the tested pH values were around unity as shown in Fig. 4 , indicating that M(II) adsorption on chitosan and its derivatives followed the pseudo-second-order rate expression. Plotting the q t verses t 1/2 to give curve with three periods, could be attributed to the adsorption stages of the exterior surface, interior surface, and equilibrium, respectively, as shown in Fig. 5 . In case of copper ions the adsorption takes place by the exterior surface of adsorbent. When the exterior surface reached saturation, the metal ions entered into adsorbents by the pores within the particle and were adsorbed by the interior surface of the particle. When the metals ions diffused in the pores of adsorbent, the diffusion resistance increased, which caused the diffusion rate to decrease. With the decrease of the metals concentration in the solution, the diffusion rate became lower and lower, and the diffusion processes reached the final equilibrium stage. Additionally, this rate of Cu(II) diffusion in chitosan is faster than that of its derivatives, and this means that Cu(II) is more easily diffused and transported into pore as of chitosan than on its derivatives (22) . In case of Co(II) the maximum adsorption on the adsorbents surface occurred at 20 min, however, with increasing of time and continuonce of steering the Co(II) leaves the surfaces until reached to the equilibrium at 100 min due to the weakly bonding with adsorbents compound. In addition, the intercepts C were not zero, which indicated that intraparticle diffusion may be the controlling factor in determining the kinetics of the adsorption process (23) . 
Adsorption isotherms
There are several adsorption models and equations used to describe the adsorption of metal ions on the different sorbent systems. These models are: Freundlich isotherm, Toth equation, Brunauer-Emmer-Teller (BET) model, Halsey isotherm, Flory-Huggins isotherm, Dubinin-Radushkevich equation, Temkin Isotherm and the most common is the Langmuir isotherm.
Langmuir isotherm models was used to analyze the equilibrium data for M(II) adsorption on chitosan and its derivatives used as suited for characterizing monolayer adsorption process with the basic assumption that adsorption takes place at specific homogeneous sites of the adsorbent (24) . Linear plots of Langmuir isotherm models are shown in Fig. 6 . Adsorption isotherm constants for Langmuir model determined in this work are given in Table 4 . It can be seen that the equilibrium data for M(II) adsorption on chitosan and its derivatives fit the Langmuir model, which indicated that M(II) adsorption on the these adsorbents was a monolayer adsorption process occurring at specific homogeneous sites (25) . The Langmuir monolayer adsorption capacities (q max ) and the Langmuir equilibrium constant k L values for chitosan were higher than the values of compounds I and II, indicating that the modification process reveres influenced M(II) adsorption equilibrium. 
Mechanism of adsorption
The percent removal (η %) of metal ions on the active groups such as OH and NH 2 depends on the molecular structure of the sorbent compounds, which bind to the metal ions by coordination bonds. The proposed adsorption of the transition metals by the chitosan and its derivatives were represented in Fig. 7 . In our results, we found that the percent removal of the different metal ions on the surfaces of compounds (I) and (II) are lower than chitosan itself. That can be attributed to the formation of the intra-molecular hydrogen bonding between the substitution groups and unit monomer of chitosan, which leads to the decrease in the free active groups such as OH and NH 2 on the chitosan. That causes lowering in the percent removal of metal ions. While in chitosan free which reaching by free active groups, ceasing a higher adsorption capacity than its derivatives, as shown in Scheme 1. 
